Imaging air Cherenkov telescopes (IACTs) detect the Cherenkov light from extensive air showers (EAS) initiated by very high energy (VHE) γ-rays impinging on the Earth's atmosphere. Due to the overwhelming background from hadron induced EAS, the discrimination of the rare γ-like events is vital. The influence of the geomagnetic field (GF) on the development of EAS can further complicate the imaging air Cherenkov technique. The amount and the angular distribution of Cherenkov light from EAS can be obtained by means of Monte Carlo (MC) simulations. Here we present the results from dedicated MC studies of GF effects on images from γ-ray initiated EAS for the MAGIC telescope site, where the GF strength is ∼ 40 µT. The results from the MC studies suggest that GF effects degrade not only measurements of very low energy γ-rays below ∼ 100 GeV but also those at TeV-energies.
Introduction
The component of the GF normal to the shower axis is relevant for the east-79 west separation of electrons and positrons during the shower development.
80
For this study the telescope optical axis has always been set parallel to the 81 direction of the primary γ-ray. The definition of the coordinate system used throughout this work. θ denotes the angle between the direction of the EAS and the direction of the GF. The Az angle is defined like in the CORSIKA program [16] , i.e. it refers to the momentum of the incoming γ-ray and is counted counterclockwise from the positive x-axis towards west. The telescope optical axis has always been set parallel to the direction of the primary γ-ray. [17]. The MAGIC telescope is focused to a distance of 10 km a.s.l., which is 87 the most likely location of the shower maximum for 100 GeV γ-ray induced
88
EAS at small ZAs. The trajectory of the strongest source of steady VHE γ-ray 89 emission in the Galaxy, the Crab nebula, is indicated. As the magnetic field 90 lines at La Palma are tilted by ∼ 7
• westwards with respect to the meridian
91
[17] the trajectory is asymmetric with respect to 180
• Az angle.
92
For La Palma, the minimum influence of the GF is expected to occur for EAS 
Dedicated MC Production
For the present studies only γ-rays were simulated. The MC data were pro-137 duced following for most instances the standard MC production of the MAGIC 138 telescope as described beforehand. All events were simulated as originating 139 from a point source. By definition, the telescope optical axis is always parallel 140 to the direction of the primary γ-ray. The impact parameter (IP) is defined as 141 the distance from the centre of the telescope mirror to the shower axis, which 142 has the same direction as the primary γ-ray. The relation between the impact parameter (IP) and the impact distance r on the ground is illustrated. In direction of the telescope's inclination the impact parameter equals r cos(ZA).
In contrast to the production of standard MC data, where the EAS core loca-144 tion is randomly placed somewhere in a circle on the plane perpendicular to the 145 direction of the EAS (to estimate the telescope effective collection area), the 146 EAS for this study were simulated for fixed core locations and all Cherenkov 
157
The energy of the primary γ-ray was for different samples set to 30 GeV, 158 50 GeV, 70 GeV, 120 GeV, 170 GeV, 300 GeV, 450 GeV or 1 TeV, respectively.
159
The ZA was varied between 0
• and 60 be found elsewhere [7, 22] . Some of the image parameters used for these studies expected to degrade also the DISP method.
220
In this paper, we restrict ourselves to selected but representative results from 221 the MC study. The orientation of the γ-ray images from a source under study is used for the As can be seen the average orientation is preserved only for shower images EAS with respect to the telescope, which is given by the angle ϕ.
247
By comparing the orientations for images generated with disabled GF to the 248 ones for enabled GF it is possible to determine the rotation angle. their angular distribution is broadened (figure 11 (e) and (f)).
339
Given that the energy, the rotation angle and the impact parameter is well where the rotation angle is large ( figure 5 (d) ) and the spread of the AL-
347
PHA distribution is rather low. At lower energies than those considered here 348 the recovery of the γ-ray signal is even less efficient [1] . This is also the case head-tail assignment. The false head-tail assignment cannot be attributed to
387
GF effects since it occurs also for the favourable telescope pointing direction
388
( figure 12 (a) ). This illustrates the basic limitation of a single telescope to into account the energy of γ-ray candidates from observational data will be 428 systematically underestimated whereas the γ efficiency will be overestimated.
429
Both effects degrade the determination of the flux from a γ-ray source if they
430
are not properly taken into account in the MC simulation. IACT systems is in preparation.
513
The intensity of the GF on the Earth' surface ranges from about 20 µT to it is mandatory to select a site with a low absolute value of the GF. Hence, the 518 best-suited location would be close to the so-called South Atlantic Anomaly,
519
where the GF strength is minimal, amounting to about one half of the value 520 for the MAGIC telescope site.
521
It is difficult to study GF effects in observational data. The elevation effect on should fulfil to be an appropriate candidate for GF studies in observational 527 data: it should be strong, preferably point-like, stable and it should follow a 528 trajectory corresponding to a large GF component normal to the telescope 529 pointing direction ( figure 1 (a) ).
530
Preliminary results from studies on GF effects in observational data taken with
531
MAGIC were already shown in [1, 28] . It was demonstrated that the pointing 532 resolution of MAGIC allows to study GF effects in observational data even for 533 a very low component of the GF normal to the shower direction. However, an 534 extensive study on GF effects in observational data is in progress. 
